Chemotactic ionic liquid droplets: striving to mimic nature by Delaney, Colm et al.
Chemotactic Ionic Liquid Droplets: Striving 
to Mimic Nature
Colm Delaney, Wayne Francis, Larisa Florea 
and Dermot Diamond
IC-ANMBES 2016
Insight Centre for Data Analytics, Dublin City University, Ireland
Dublin & DCU Location
2
3Insight Centre for Data Analytics
• Biggest single research investment ever by Science Foundation 
• Biggest coordinated research programme in the history of the state 
• Focus is on ‘big data’ related to health informatics and pHealth
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Larisa Florea 
 
Dr. Larisa Florea studied organic chemistry and chemical engineering at University 
“Politehnica” from Timisoara, Romania (B.Sc. Hons 2009). In 2009 she joined the 
Adaptive Sensors Group at Dublin City University where she earned her Ph.D. 
under the supervision of Prof. Dermot Diamond and Dr. Fernando Benito-Lopez. In 
2011-2012, during her PhD, Larisa spent several months in Australia (University of 
Tasmania and University of Wollongong) as part of an extensive collaboration with 
The Australian Research Council (ARC) Centre of Excellence for Electromaterials 
Science (ACES) funded under the EU Marie Curie IRSES Program. Since 2013 she 
has carried out her postdoctoral research with Prof. Dermot Diamond in the 
INSIGHT Centre at Dublin City University, where she is currently Team Leader in 
smart materials and microfluidics.  Larisa has 27 journal publications, 2 invited 
book chapters and 1 patent. 
 
Wayne Francis 
 
Wayne Francis is a PhD student in Professor Dermot Diamond’s research group, in 
Dublin City University. Wayne received his B.sc. (Ord) in Analytical Chemistry 
from Institute of Technology Tallaght and his B.sc. (Hons) in Chemical Sciences 
with Medicinal Chemistry from Dublin Institute of Technology. Wayne’s research 
interests include the design, synthesis and applications of stimuli-responsive 
materials and his PhD is focused on the development of synthetic biomimetic micro 
“vehicles”. 
 
Tom Glennon 
 
I have a BSc in Biotechnology and an MSc in Biomedical Diagnostics. I worked as 
a research assistant in the Microfluidics platforms group in the Biomedical 
Diagnostics Institute (BDI) in Dublin City University from 2012 to 2014 
developing centrifugal microfluidic platforms for various diagnostic applications. 
Since 2014 I have been a postgraduate researcher in Prof Dermot Diamonds group 
in the Insight Centre for Data Analytics, National Centre for Sensor Research, 
DCU. I am currently working on the development of SWEATCH a wearable 
watch-type platform for the analysis of electrolytes in sweat. The project is a 
collaboration between Insight, Shimmer in DCU Innovation Campus, and the 
Australian Research Council (ARC) Centre of Excellence for Electromaterials 
Science (ACES). 
 
Thomas Higgins 
 
Thomas completed his undergraduate degree in 2009 at the University of 
Wollongong having studied Nanotechnology. During the final year he carried out 
research on conducting polymer-biopolymer composite thin films for the neutral 
tissue, supervised by Prof. Gordon Wallace & Prof. Marc in het Panhuis. Following 
this, he joined the ‘Chemical Physics of Low-Dimensional Nanostructures’ group 
led by Prof. Jonathan Coleman at Trinity College Dublin. Here, he studied the 
properties of nanomaterial networks and nanomaterial-polymer composites 
produced by liquid-phase processing for electrochemical energy storage 
applications. He received his PhD in 2015. Recently, Thomas joined the 
‘Nanomaterials for Optoelectronics’ group led by Prof. Jana Zaumseil at the 
Heidelberg University. He is studying the optoelectronic properties of printed 
nanomaterial networks thin film transistors that feature layered nanomaterials. This 
research is funded by a Horizon 2020 Marie Skodowska-Curie Individual 
Fellowship. For details see https://ie.linkedin.com/in/drthomashiggins 
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Douglas William Dowley 
 
Douglas Dowley is a thought leader, strategy executive and investor with a 
particular focus on early stage private equity/venture capital investing across 
scientific disciplines. His portfolio of achievements validate his expertise across his 
domain. He is interested in opportunities in the domains of Medtech, Data Science, 
Material Sciences and IoT. Achievment Portfolio: Invested in an ocular modeling 
company in 2009 and work with the company to the present day after successfully 
divesting a technology within for a five fold return on investment. Invested in a 
Data Science Company in 2010 with the company sold in 2015 for an eight fold 
return on investment. Invested in an Internet Functional Layer management 
software company sold for a 20 fold return on investment. Invested in a peer to peer car sharing platform that 
has a mark to market of 15 times the invested capital. Sourced investment capital for 42.5m venture capital early 
stage mandate fund. Managed multiple realisation transactions from heads of terms to data rooms through to 
contract negotiation and deal closing. Contract negotiation obliged that no long tail risks persisted for the fund. 
 
Emer Duffy 
 
Emer Duffy is a postdoctoral researcher in the School of Chemical Sciences, 
Dublin City University, where she is currently working on the SFI funded Sensing 
SubCutaneously INvitro (SSCIN) project with Aoife Morrin. Her research is 
focused on interfacing materials science with the skin to study volatile biomarkers 
for non-invasive health screening and diagnostics. She obtained a BSc (Hons) in 
Analytical Science from Dublin City University and a BS in Chemistry from the 
University of Kansas, USA. She completed her PhD within the Australian Centre 
for Research on Separation Science at the University of Tasmania, Australia, where 
she developed new carbonaceous composite materials, and investigated their 
unique properties, thermal transitions and application as adsorbents. Her research 
interests include materials (composites, porous materials and nano-carbons) for 
chromatographic and sensing applications, and their integration in portable 
platforms for point-of-care and environmental analyses. 
 
Gillian Duffy 
 
Gillian Duffy B.Sc. is a final year PhD candidate at Dublin City University (DCU), 
under the supervision of Prof. Fiona Regan and Prof. Dermot Diamond. Her 
research is focused on the development of low cost, wet chemistry based optical 
sensors for water quality monitoring. This includes the development and 
optimisation of an autonomous phosphate sensor for long term deployments in 
freshwater, alongside the development of portable sensors for on-site determination 
of phosphate, chromium (III) and chromium (VI). These sensors incorporate 
microfluidic technology allowing for precise fluid manipulation and presentation of 
coloured products to low cost optical detection systems. Gillian was awarded a 
Naughton Fellowship from the University of Notre Dame (ND) in the U.S. to 
complete this research. The project is a collaboration between DCU and Prof. 
Jennifer Tank at ND. Gillian received a B.Sc. (Hons) in Analytical Science in 2013 
from DCU.  She received a Hamilton Research Scholarship in 2011, allowing her to carry out a summer 
research project on microfluidic technologies under the supervision of Prof. Jens Ducrée in the National Centre 
for Sensor Research (NCSR) at DCU. Her research interests include analytical chemistry, method development, 
optical sensor development and technology for environmental and medical applications, and microfluidic 
technologies. 
 
Aishling Dunne 
 
Aishling Dunne started her PhD in 2013 under the supervision of Professor Dermot 
Diamond and Doctor Larisa Florea, in the INSIGHT Centre at Dublin City 
University. Aishling received her B.Sc. (Ord) in Pharmaceutical chemistry and 
Chemical Sciences from Dublin Institute of Technology (2012) and her B.Sc. 
(Hons) in Chemical Sciences with Medicinal Chemistry from Dublin Institute of 
Technology (2013). Aishling’s research interests include the design, synthesis and 
applications of stimuli- esponsive polymers. 
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Gearóid Collins 
 
My name is Gearóid Collins and I am from West Limerick. I am currently a student 
of Trinity College, Dublin, studying Nanoscience, Physics and Chemistry of 
Advanced Materials. I have recently completed third year. The course, so far, has 
provided me with a good knowledge of various different physical and chemical 
concepts including: solid state materials, magnetic properties, semiconductor 
physics, quantum mechanics as well as analytical chemistry, statistical mechanics 
and molecular thermodynamics. In 2013 I received the Entrance Exhibition Award 
from Trinity College provost upon arrival at Trinity College. I am currently working 
as an engineer’s assistant for an air-conditioning and refrigeration compa y. I hope 
to travel to Australia in the coming college term to carry out my final year project in 
material science. I currently tutor secondary school students in chemistry, physics, 
biology and maths. I spend my free time playing football with my local club and 
taking part in running events such as half marathons. 
 
Jennifer Deignan 
 
Jennifer Deignan received a B.Sc. (Hons) in general chemistry from Florida 
Institute of Technology in Florida, USA (2012). In 2012 she began consulting for 
the Wearable Sports Electronics division of the adidas Group in the area of sensor 
design and testing.  In 2013 she began her PhD at the Insight Centre for Data 
Analytics at Dublin City University under the supervision of Prof. Dermot Diamond 
and Dr. Shirley Coyle. In 2014 Jennifer spent 3 months at the Intelligent Polymer 
Research Institute at the University of Wollongong studying CNT and polymer 
based strain sensor technologies under the supervision of Prof. Gordon Wallace and 
Assoc. Prof. Peter Innis.  Her research interests include the design, producti n and 
applications of wearable sensors for sports and health monitoring. 
 
Colm Delaney 
 
Dr. Colm Delaney studied chemistry at Trinity College Dublin (TCD) and 
graduated with a B.A. Mod (Hons.). He subsequently carried out a research MSc. in 
Materials Chemistry on the topic of organic light-emitting materials. In 2015 Colm 
completed a PhD. in Organic Chemistry with Prof. Sylvia M. Draper in TCD, on 
the synthesis and application of novel materials for fuel-cell application. During this 
time, he received several awards for his lecturing and demonstration to 
undergraduate students. He subsequently joined the Adaptive Sensors Group, lead 
by Prof. Dermot Diamond, as a Postdoctoral Researcher. He is funded through the 
Nano-Bio Manufacturing Consortium, in which ublin is the sole 
partner from outside th  U.S.A. This research is performed in collaboration with GE 
Global Research, Air-Force Research Laboratories, University of Cincinnati and Un versity of Massachusetts 
Amherst. His research involves the design and synthesis of sensing materials for the earlier detection of disease 
and monitoring of wellbeing. 
 
Andrew P. Doherty 
 
Dr Doherty graduated from Dublin City University in 1989 with a BSc in 
Analytical Sciences and in 1993 he completed a PhD in electrochemical sensors at 
DCU under the direction of Professors J. G, Vos and M. R. Smyth. Subsequently, 
Dr Doherty undertook post-doctoral research on molecular electrochemistry / 
electro-synthesis with Professors Andrew Hamnett and Keith Scott at the University 
of Newcastle upon Tyne. In 1995, Dr Doher y was awa ded a Universi y Research 
Fellowship from the Royal Society of London which he held at Newcastle until 
1999 and subsequently at Queen’s University of Belfast until 2003. Dr Doherty’s is 
currently a lecturer in phys al chemistry at QUB where his r search interests 
include molecular electro hemistry, redox catalysis, electro-analysis, 
electrochemical applicat ons for energy applications of ionic liquids and the 
development of electro-a tive ionic liquid materials. In addition to academic research, Dr Doherty also performs 
extensive   consultancy to the Energy Industries. Full professional and academic profile is available from 
http://pure.qub.ac.uk/portal/en/persons/andrew-doherty%28f268e689-3c27-4c92-9d2a-b10901e7890a%29.html. 
Contactless Conductivity 
Sensor for Wearable Sweat 
Monitoring
Two-Component Fluorescent 
Sensing of Saccharides
Solvent Sensing 
Fluorescent 
poly(Ionic Liquid) 
Ionogels
 
 
Danielle Bruen 
 
Danielle Bruen studied medicinal chemistry at Trinity College Dublin, Ireland (B. A. 
(Mod) Hons 2014). During her time there she wa  introduced to supramolecular 
coordinating pol mers by Prof. Thorfinnur Gunnlaugsson and completed her 
undergraduate thesis in this field. In 2014 she joined the Adaptive Sensors Group at 
Dublin City University, under the supervision of Prof. Dermot Diamond, Dr. Larisa 
Florea and Dr. Colm Delaney, where she is currently persuing her Ph. D. Her 
research currently focuses on the design and synthesis of glucose sensors to be 
incorporated in to devices for continuous glucose monitoring. 
 
Lorr ine Byrne 
 
Dr. Lorraine Byrne is the Executive Director of the Advanced Materials 
and Bioengineering Research Centre (AMBER)  and the Centre of Adaptive 
Nanostructures and Nano devices (CRANN)  at Trinity College Dublin.  She is 
responsible for the operational leadership of AMBER and in partnership with the 
director sets the strategic direction in terms of priority research areas, industrial 
engagement, financial management and funding diversification. Lorraine joined 
 AMBER in February 2016 following an 18 year career with Hewlett Packard where 
she held a number of technology leadership and business development roles. 
Lorraine was responsible for the set up and growth of the chemistry and failure 
analysis infrastructure at the InkJet Manufacturing Site at Leixlip, Co. Kildare. More 
recently Lorraine was the founding member and led the local HP Emerging Technologies team at Hewlett 
Packard Ireland which was sponsored by the corporate R&D function to develop materials and processing 
technologies for flexible displays and sensors. This work involved significant collaborations with the Irish and 
European materials research ecosystem, most notably a large collaborative research project with CRANN in the 
area of flexible transparent conductors.  Lorraine has a PG Certificate in Nanotechnology from the University of 
Oxford; PhD in Chemistry and a B.Sc in Analytical science both from Dublin City University. 
 
Celia Chari 
 
Born in Madrid (Spain) and raised in Dublin, Celia has recently completed the third 
year of her undergraduate degree in Nanoscience, Physics and Chemistry of 
Advanced Materials in Trinity College Dublin. She entered TCD in 2013, having 
been awa ded an Entrance Exhibition Award. Studying modules in Physics, 
Chemistry, and Mathematics, she attained an overall first in her first two years of 
study in TCD, subsequently awarded a First class book prize both years. Beyond her 
undergraduate studies, Celia’s experience includes having served as an intern at the 
Conservation Department of the National Gallery of Ireland in 2014. She has also 
worked in the inorganic chemistry lab of Prof. Bob Baker (TCD) in summer 2015. 
S arting September 2016 she will be working on her 4th year project entitled 
‘Fabricating 3D structured gel actuators’ under the supervision of Professor Geoff Spinks at the Intelligent 
Polymer Research Institute headed by Prof. Gordon Wallace at the University of Wollongong.  Celia’s interests 
include playing the guitar, and being the Junior Sound Engineer in the student-run radio station Trinity FM, 
wher  she lso hosts a music show called Retropolitan. 
 
Simon Coleman 
 
Dr. Simon Coleman received his B.Sc in Analytical Science in 2006 at Dublin City 
University and subsequently his PhD in 2010 under Prof. Dermot Diamond 
investigating he physicochemical properties of ionic liquids. Simon works as a 
postdoctoral research fellow and project leader with experience in European Union 
FP7 projects and industrial-academic research partnerships at the National Centre for 
Sensor Research (NCSR) with research interests in ionic liquids, polymer synthesis 
nd stimuli responsive materials for sensor applications within the medical and 
environmental sectors. Research to date has included the development of bio-
compatible materials for signal enhancement in wearable ECG monitoring platforms 
for sports and recreation, portable platforms for chemo and bio-marker monitoring 
of patients with bipolar disorder, production of low cost, portable microfluidic platforms for environmental 
assessment of chemical contaminants and non-contact, photo-responsive polymer valves for in-situ microfluidic 
chip flow regulation and control. 
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• Background to chemotaxis 
• Use of Ionic Liquids as smart vehicle droplets 
• Means to transport droplets
• Work towards leak detection in microfluidics
• Moving past binary systems to multicomponent synthesis
Chemotaxis 
• Movement of an organism in 
response to a chemical stimulus 
• Certain single and multicellular 
organisms have this ability 
• Bacteria, Virus’ and even some 
somatic cells i.e white blood cells
• Chemoattractant: to food source
• Chemorepellent: away from toxin
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This image cannot currently be displayed.
Neurophil
Synthetic Systems-Our Goal
• Development of synthetic biomimetic “vehicles”
• These “vehicles” move in response to external stimuli
• Designed to move across the liquid/air interface 
• Application: Bridging microfluidics and autonomous sensing
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Ø micro-vehicles for chemical 
reactions 
Ø cargo transport to desired 
destinations
Ø dynamic sensing 
Ø leak detection
Ø drug delivery
The Paper Boat
• Propelling a paper boat by 
applying a small amount of  
liquid soap.
• “Vehicle” movement achieved 
through the use of surfactant 
molecules
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Surface Tension
• Surface molecules experience 
greater attraction to neighbours 
compared to bulk molecules
• Liquid flows from low to high 
surface tension
• Results in Marangoni effect 
Surface Tension
H2O
H2O H2O H2O
H2O
H2OH2OH2O
H2O
11
Surfactants
• Long chained molecules
• Charged hydrophilic “head” 
• Hydrophobic “tail” 
• Surface active
• Alter surface tension
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Chemotactic Droplet:
13
A. Grzybowski. J. Am. Chem. Soc., 2010, 132 (4), 1198–1199
Grzybowski’s Droplet
• Can ‘solve’ complex maze
• pH sensitive surfactant 
• Surfactant in dichloromethane 
droplet
• Follows pH gradient to exit
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pKa ≈ 8.3
A. Grzybowski. J. Am. Chem. Soc., 2010, 132 (4), 1198–1199
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Ionic liquids 
• High thermal stability 
• High ionic conductivity 
• Negligible vapour pressure 
• Excellent solvents 
• “Designer” solvents
§ Control of Anion and Cation properties
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Cl-
Br-
Droplet Composition 
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Droplet Movement
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Gradient Generation
Acid – Base system:
Channel filled with a solution of 
10-2 M NaOH, solution of 10-2 M
HCl acts as the chemoattractant
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Speed x 2
Acid – Base system: 
Channel filled with a solution of 
10-2 M NaOH,  polyacrylamide 
gel soaked with 10-2 M HCl acts 
as the chemoattractant
Gradient Generation
Speed x 4
19
Salt system :
Channel filled with a solution 
of 10-5 M NaCl, crystals of salt 
act as the chemoattractant
Gradient Generation
Speed x 4
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Multiple Droplets 
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Acid – Base system:
Channel filled with a solution of 
10-2 M NaOH, solution of 10-2 M
HCl acts as the chemoattractant
Leak Detection
NaOH	10-2 M
HCl	10-2 M
Cl-
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Leak Detection 
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Speed x 5
Chemotactic Droplets
Francis, W.; Fay, C.; Florea, L. and Diamond, D. Chem. Commun, 2015, 51, 2342.
• Droplets follow a Cl- gradient to desired destinations 
• Droplet solely composed of IL
• Multiple droplets can be moved to destination 
• Merging of droplets possible
• Chemical gradients quickly come to equilibrium
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Droplet Movement
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Electrotactic Droplets
• On demand generation of gradients at the electrodes
• Salt solutions used as electrolyte
• Control over length of gradients
• Reversible droplet movement
• Allows for droplet to be moved to several destinations
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Reversible Movement
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10-3 M NaCl used as electrolyte, 9 V applied across the solution.  
Chip Design 
• Chips 3D printed
• Electrodes - Realizer SLM-50 
3D printer
• Channels - Objet350 Connex
• Electrodes embedded within 
the channels
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Electrotactic Ionic Liquid Droplets, W. Francis et al., 
Sensors and Actuators 2016, Accepted
Example of Electrotactic Ionic liquids
29NaCl 10-3 M , 9 V, Speed x 5
Adding Functionality 
• Have droplets perform more sophisticated tasks
• Micro-vessels for chemical reactions
• Cargo transport to desired destinations
• Dynamic sensing units 
• Leak detection 
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Adding Functionality 
A t = 0 s
1 cm
Chemoattractant: HCl
Chemical Reactions: Metal ion sensing 
• Reactions take place inside droplet
• Predetermined locations
32
• Analytes: Co2+ and Cu2+ 
• Metal sensing dye: PADAP
H
Co2+
B t = 58 
PADAP
Co2+
1 c
C t = 500 s
[Co2+][PADAP]
1 cmCo
2+
Recent Advances
1. Optimisation of polymerisation reactions within droplets
Ø Transportation of separate monomeric mixtures to site of fault
2. Biological applications
Ø Transportation of drugs upon immune response
3. Extension to ternary/quaternary systems
Ø Ability programme varied parallel syntheses through 
compartmentalisation
33
Ionic Liquid Droplets: Striving to Mimic 
Nature
• Chemo and electro tactic droplets
• Autonomous movement
• Vessels for chemical reactions
• Transport cargo to desired destinations 
• Leak detection
34
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